In vitro plant regeneration of Oncidium spp. was established through direct and indirect somatic embryogenesis. 1) Leaf segments taken from in vitro grown plantlets could directly form somatic embryos within one month, when cultured on a hormone-free 1/2-strengh modified MS (Murashige and Skoog, 1962) medium in darkness. In light, these embryos germinated into somatic protocorms on the same medium. Embryo-derived protocorms developed into healthy plantlets with 100% survival rate when acclimated in a greenhouse. 2) Embryogenic calli were induced from flower stalk internodes, leaf, root and stem explants on a 1/2-strengh modified MS medium (basal medium) supplemented with 3 mg/l 2,4-D and 1 mg/l TDZ in darkness. Somatic embryos formed from the calli on a hormone-free basal medium. Explant type strongly affected the amount of embryogenesis, and root callus has the highest competence to form embryos. Normal plantlets were obtained from the calliderived embryos on a basal medium supplemented with 0.5 mg/l NAA. The plantlets grew well when transferred to a greenhouse. The protocols for plant formation of Oncidium through somatic embryogenesis could be useful for the mass propagation and transformation of selected elite lines.
INTRODUCTION
In Oncidium, a sympodial orchid, root tips (Kerbauy, 1984a) , apical buds (Bagde and Sharon, 1997) and floral tissues (Kerbauy, 1984b; Nuraini and Shaib, 1992) were used as explants to obtain protocorm-like-bodies or adventitious shoots and subsequent plantlets mainly on undefined media that contained complex mixtures such as coconut milk and banana homogenate, etc. In this report, we present protocols for the induction of direct or indirect somatic embryogenesis from explants of Oncidium. Moreover, we describe factors affecting the induction of somatic embryogenesis.
Direct Somatic Embryogenesis from Leaf Explants
Leaf explants formed clusters of somatic embryos directly from epidermal and mesophyll cells of leaf tips, adaxial regions and cut ends without an intervening callus within one month, when cultured on a modified 1/2 MS medium supplemented with 0.3-1 mg/l TDZ (Chen et al., 1999) . On the same TDZ-containing medium, more embryos could be obtained from the embryo clusters and subsequent plantlet formation was successfully achieved (Chen et al., 1999; Su et al., 2005) .
Effect of Medium Composition on Direct Somatic Embryogenesis
The frequency of direct embryo formation from leaf explants was affected by NaH 2 PO 4 and peptone. When leaf explants were cultured on a modified 1/2 MS medium (contains 85 mg/l KH 2 PO 4 ), the addition of 170 mg/l NaH 2 PO 4 could significantly promoted direct embryo formation. Peptone at 0.5 mg/l had higher embryogenic response (80%) on leaf tips than the control treatment (50%). Besides, there was no significant effect of sucrose in a range of concentrations (10 -60 g/l) (Chen and Chang, 2002) .
Effects of Explant Characteristics on Direct Somatic Embryogenesis
Embryo formation was significantly affected by explant position. Leaf tip segments had a higher embryogenic response than other segments of leaf explants. In addition, adaxial-side-up orientation significantly promoted embryogenesis in comparison with abaxial-side-up orientation (Chen and Chang, 2002) .
Effects of Plant Growth Regulators on Direct Somatic Embryogenesis
Cytokinins (2iP, BA, kinetin, TDZ and zeatin) enhanced the frequency of direct somatic embryogenesis. By contrast, auxins (2,4-D, IAA, IBA and NAA) were found to be inhibitory. TDZ was the most effective cytokinin on direct embryo formation, and the best response was at 1 mg/l (Chen and Chang, 2001) . GA 3 at 0.1-10 mg/l significantly retarded direct embryo formation on leaf tips, adaxial regions and cut ends. A growth retardant, ancymidol at 0.1 and 2.5 mg/l highly promoted direct embryo formation from leaf tips. However, 10 mg/l ancymidol significantly retarded direct somatic embryogenesis. In addition, another growth retardant, paclobutrazol at 0.1-10 mg/l, also highly promoted direct embryo formation. By contrast, another growth retardant, cycocel at 0.1-10 mg/l had a negative effect on direct embryo formation (Chen and Chang, 2003a) . The ethylene precursor ACC at lower concentrations (5 and 10 µM) significantly retarded direct embryo formation, but higher concentrations, 20 and 50 µM, promoted the embryogenic response of leaf tips and adaxial regions. The two ethylene inhibitors, AgNO 3 and CoCl 2 , both highly retarded direct somatic embryogenesis. The best embryogenic response among all the growth regulators tested was found at 20 µM ACC. Under this condition, 90% of leaf explants (1 cm in length) formed a mean number of 32.2 somatic embryos (Chen and Chang, 2003b) .
Somatic Embryogenesis from Vegetative Tissue-derived Callus
Compact and yellowish embryogenic calli were induced from flower stalk internodes, leaf, root and stem segments on 1/2 MS medium supplemented with 2,4-D (3-10 mg/l) and TDZ (0.1-3 mg/l) after 4-7 weeks of culture in darkness. These calli formed clusters of somatic embryos on medium devoid of growth regulators. Combinations of NAA and TDZ enhanced the amount of somatic embryogenesis. These somatic embryos converted into plantlets after 4-6 weeks of culture (Chen and Chang, 2000a, b) .
Effects of Auxins and Cytokinins on Somatic Embryogenesis from Callus
The frequency of somatic embryogenesis from callus cultures was highly affected by auxins (2,4-D, IAA, IBA, NAA and picloram) and cytokinins (2iP, BA, kinetin, TDZ and zeatin). Kinetin (0.5 and 2 mg/l) and zeatin (0.5 mg/l) were found to be more effective than other auxin and cytokinin treatments to induce somatic embryogenesis from root-derived calli (Wu et al., 2004) . 
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